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photographic materials utilize a composition 
containing (a) a silver salt of an organic add, 

20 (b) a small (catalytic) amount of a light-sen- 
sitive silver halide and (c) a reducing agent 
for the salt (a). In such a material, the silver 
halide remaining undergoes a change in colour 
due to standing in the hght after development 

25 and is not stabilized to light, but tiiis scarcely 
matters since only a small amount of silver 
halide is used, while a large amount of the 
organic silver salt (a) (which is hardly 
blackened by light and is white or a pale 

30 colour) is used. 

This known light-sensitive material is stable 
at normal temperature, and in use is unagewise 
exposed, and then heated to a temperature of 
80** C or higher, preferably 100* C or higher. 

35 At this temperamre, xht organic silver salt (a) 
oxidizes the reducing agent (c) to form silver 
(images), but only where the catalytic silver 
halide (b) was exposed. The exposed areas of 
the light-sensitive material are thus blackened 

40 while no oxidation-reduction reaction occurs at 
the unexposed areas because unexposed silver 
halide does not catalyse this reaction. Thus the 
unexposed areas remain white and an image 
having visible contrast is formed. 

45 In such a thermally-developable light-sen- 
sitive material, a significant problem remains in 
that undesirable darkening in the unexposed or 
background areas (called thermal fogging) 



and secondary pollution may occur if used 
papers supports thereof are recycled. 

0±er additives used to reduce heat fogging 
have impaired the photographic properties of 
the material, especially die sensitivity. V( 

Therefore, an object of the present invention 
is to provide a thermally-developable light- 
sensitive material having low thermal fogging 
in the background areas and whereby the 
image formed has improved light stability after 7f 
thermal development, even after storage at 
high temperatures. 

According to the invention, a thermally- 
development light-sensitive material comprises 
a support having therein or in one or more 8( 
layers thereon (a) an organic silver salt, (b) 
a light-sensitive silver halide or a compound 
capable of reacting with said organic silver 
salt (a) to form a light-sensitive silver halide, 
the component (b) being present in an amount 81 
sufficient to provide silver halide in an amount 
which, after exposure to light, catalyses the 
reaction of components (a) and (c), and (c) 
a reducing agent capable of reducing said 
silver salt to sUver when heated in the presence 9( 
of the silver halide, in or formed from com- 
ponent (b) which has been exposed to light, 
the material also containing in the support or 
in at least one layer on the support, (d) a 
neutral complex of palladium with at least 9i 
one ligand bonded via a nitrogen, oxygen, sul- 
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(71) We, FUJI PHOTO FI04 CO, 
LTD.. a Japanese Company, of No. ZIO, 
Nakanuma, Minami/Asbigara-Shi, Kanagawa, 
Japan, do hereby declare die inventiTO for 
5 which we pray tiiat a patent may be granted to 
us, and the method by which it is to be per- 
formed, to be particularly described m and by 
the following statement:— . 

The oresent invention relates to an improyea 
10 type of diermally-devdopable light-sensitive 

haUde photography has the disadvan- 
tage of requiring wet proc^g steps which 
thi laborious and compl«L By contn«^^ 
15 mally-developable matenab can be processea 

^SoiS^SaUy-devdopable light-senative 
photographic materials utilize a comi)osm<m 
Containing (a; a silver salt of »n "8^"= m:^, 
20 (h) a smaU (catalytic) amount of a lighi-sen- 
ritive sUvcr haUde and (c) a reducing agat 
for the salt (a). In such a material, die silver 
halide remaining undergoes a change in colour 
S?e toSding to die hght after development 
25 and is not stabilized to light, but tius s:arcely 
matters since only a small amount of alver 
haUde is used, while a large amount of Ae 
SSanic sUver salt (a; . (wWch is hardly 
blackened by Kght and is white or a pale 
30 colour) is used. _ . , 

This known Ught-sensmve matenal is stable 
at normal temperature, and in use is unagewise 
exposed, and then heated to a ttmperanire of 
80^C or higher, preferably 100« Cot higher. 
35 At this temperature, die organic silver salt (a) 
oxidizes die reducing agent (c) to fonn alver 
(images), but only where die catalytic silver 
haUde (b) was exposed. The exposed ar«is of 
the light-sensitive material are dius blackened 
40 while no oxidation-reduction reaction occurs at 
the unexposed areas because unexposed silver 
haUde does not catalyse tiiis reacuon. Thus the 
unexposed areas remain white and an image 
having visible contrast is formed. 
45 In such a dieimally-developable hght-sen- 
sitive material, a significant problem remams m 
diat undesirable darkening in die uneqwsed or 
background areas (called tiiermal foggmg) 



tends to be produced upon heat development. 
This fogging relatively reduces die photo- 
graphic densities in die image areas corres- 
Donding to exposed areas. 
%orl)ver, when such h^t-senative 
materials are stored for a long penod of time 
prior to use, pardcularty at Mgh temp"*^ 
(from 30" C to SO' C) and high humidity 
(relative humidity of 50% or more), diermal 
fog is also produced. 

Metiiods tiiat have been used m order to 
eliminate dicse disadvantages include employ- 
ing mercuric compounds such as tiiose oes- 
crftcd in Japanese Patent Publication No. 
11113/72; but mercury compounds are highly 
poisonous and tiiere is die danger diat mercury 
may be evaporated during heat development 
and secondary pollution may ocoir if usea 
papers supports thereof are recycled. _ 

Otiier additives used to reduce heat foggmg 
have impaired die photographic properties of 
the material, especially ±e sensiaviiy. 

Therefore, an object of die present mvmtion 
is to provide a tiiermally-developable h^t- 
sensitive material having low tiiermal fogging 
in die background areas and whereby the 
image formed has improved light stabihty after 
thermal development, evoi after storage at 
high temperatures. 

According to die invention, a diermally- 
development li^t-sensitive material compnses 
a support having ±erein or in one or more 
layers tiiereon (a) an organic stiver salt, (b) 
a light-sensitive silver halide or a cranpound 
capable of reacting widi said orgamc silver 
(a) to form a light-sensitive silver hahae, 
die component (b) being present in an amount 
sufficient to provide sdver haHde in an amount 
which, after exposure to ligh^ catalyses the 
reaction of components (a) and (c), and (c; 
a reducing agent capable of reducing said 
sflver salt to sihrer when heated in die presence 
of die sUver halide, in or formed from com- 
ponent (b) which has been exposed to hght, 
die material also containing in die support or 
in at least one layer on the support, (d) a 
neutral complex of palladium widi at least 
one ligand bonded via a nitrogen, oxygen, sul- 
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phur, phosphorus, arsenic or halogen atom (F, 
CL Br. or I), wherein Ae Ionic charge of the 
ligand(s) balances the internal charge of the 
palladium. 

Particularly preferred complexes of palla- 
dium are those which are soluble in organic 
solvents, for example, the palladium complex 
salt of acetylacetone (referred to merely as 
"acac" hereinafter). 

Other preferred types of palladium com- 
pound which can be used are as follows: 
(a) of the general formula: 



15 



20 



25 



30 



35 



40 



45 



Pd 



2f 



II 

CH 



wherein and respectively have the mean- 
ings: 

both are phenyl, 

both are methyl, 

Ri is phenyl and R* is methyl, or 

R* is trifluoromethyl and R* is methyl; 

(b) of the general fomula: 

L^Pd— 

wherein L and X respectively have the mean- 
ings: 

L is QHaCHaSCHaQHs and X is chlorine; 

L is CeHfl— CN and X is chlorine; 

L is CH»=CHCN and X is chlorine; 

L is (QHJa— P— and X is chlorine; 

L is (CaHJa— P— and X is bromine; 

L is l4-bis(As— (CH3)2-)-benzene and X 

is iodine, or 
L is bipyridyl and X is chlorine; and 

(c) of the general formula: 



Pd 



HON=C — CH3 
HON-=»C — CH3 



imino group, a mercapto group, a thione group 
or a carb xyl group. Typical examples of 
these organic silver salts include ^ist B): 50 

(1) Silver salts of rganic compounds con- 
taining an imino group: 

Silver benzotriazole, silver nitrobenzo- 
triazole, silver alkyl-substituted benzotriazoles 
(e.g., silver methylbenzotriazole), silver halo* 
gen-substituted benzotriazoles (e.g., silver 
bromobenzotriazole or silver chlorobenzotri- 
azok), silver carboimide-substituted benzotri- 
azoles, e.g., 



A suitable amount of the complex of pal- 
ladium is from about 10-« to 10-=" mole, pre- 
ferably 10-* to 10-* mole, per mole of the 
organic silver salt [component (a)]. 

The organic silver salts employed as com- 
ponent (a) in the invention are colorless, white 
or slightly colored silver salts which are com- 
paratively stable to light and which react 
with the reducing agents to form silver images 
when heated to a temperature of about 
80° C or higher, preferably 100** C or higher, 
in the presence of an exposed silver halide. 
Examples of organic silver salts include silver 
salts of organic compounds containing an 



C«3(CH^3C0NH 




or 

CH3(CH^t2C0NI 
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silver benzoimidazole, silver substituted- 
benzimidazoles (e,g., silver 5-chlorobenz- 
imidazole or silver 5-nitrobenzimidazole), 
silver carbazole, silver saccharin, silver phthal- 
azinone, silver substituted-phthalazinone, 
silver salts of phthalimides, silver pyrrolidone, 
silver tetrazole and silver imidazole; 

(2) Silver salts of organic compoimds contain- 
ing a mercapto group or a thione group: 

Silver 3 - mercapto - 4 - phenyl - 1,2,4- 
triazole, silver 2 - mercaptobenzimidazole, 
silver 2 - mercapto - 5 - aminothiadiazole, 
silver 1 - phenyl - 5 - mercaptotctrazole, 
silver 2 - mercaptobenzothiazole, silver salts 
of the thioglycolic acids as described in 
Japanese Patent Application (OPI) 28221/73 
(e.g., silver 2 - (S - ethylenethioglycol- 
amido)benzthiazole or silver S - alkyl- 80 
(C12— C2s)diioglycolates), silver salts of 
dithiocarboxylic adds (e.g., silver dithio- 
acetate), silver thioamide, silver salts of thio- 
pyridines (e.g., silver 5 - carbethoxy - 1- 
methyl - 2 - phenyl - 4 - thiopyridine), silver 
dithiohydroxybenzole, silver mercaptotriazine, 
silver 2 - mercaptobenzoxazole and silver 
mercaptooxadiazole; 

(3) Silver salts of organic compounds con- 
taining a carboxylic group: 

(a) Silver salts of aliphatic carboxylic acids: 
Silver caprate, silver laurate, silver myris- 



85 



90 
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tate, silver palmitate, silver stearate, silver 
beheaate, silver maleate, silver fumarate, silver 
tartaratc, silver furcate, silver linolatc, silver 
leate, silver hydroxystearate, silver adipate, 

5 silver sdiacate, silver sucdnate, silver acetate, 
silver butyrate and silver camphorate; 

(b) Silver aromatic caiboxylates and other 
caiboxylic adds: 

Silver benzoate, silver 3^ - dihydroxy- 

10 benzoate, silver <?-methylbenzoate, silver w- 
methylbenzoate, silver p-methy&enzoate, silver 
2,4-dichlorobeazoate, silver acetamidobenzoate, 
silver p-phenylbenzoate, silver salts of other 
substituted benzoic adds, silver gallate, silver 

15 tannate, silver phthalate, silver terephthalate, 
sUver salicylate, silver phenylacetate, silver 
pyromeUitate, silver 4' - n - octadecyloxy- 
diphenyl - 4 - carboxylate, silver thionecarb- 
ojQrlates as disclosed in U.S. Patent 3,785,830 

20 and silver salts of aliphatic caibojq^lic acids 
containing a thioethe?;OTup as disdosed in 
U.S. Patent 3,330,663,^ " 

(4) Other silver salts: 

Silver 4 - hydroxy - 6 - mediyl - l,3,3a,7- 
25 tetraazaindene, silver 5 - methyl - 7 - hydroxy- 
1,2,3,4,6 - pentaazindene, silver tetraazmdene 
as disclosed in British Patent 1,230,642, silv« 
S - 2 - ammophenylthiosulfate as disclosed 
m U.S. Patent 3,549,379, mctal-cootaining 
30 aminoalcohols as disdosed in British Patent 
No. 1,346^95, and organic add-metal chelates 
as disclosed in Belgian Patent 768,411. 

An oxidizing agent such as titaniiim dioxide, 
zinc oxide or gold caiboxylates (e.g., aurous 
35 laurate, aurous stearate or aurous behenate) 
odier than silver salts can be employed to- 
gether with the organic silver salt, if desired. 

Various processes are known for preparmg 
such organic silver salts. One of the simplest 
40 processes for preparing them is described in 
U.S. Patent 3,457,075 wherein a solution of 
an organic silver salt forming agent or a salt 
thereof in a water-miscible solvent, such as an 
alcohol or acetone, or water is mixed with an 
45 aqueous solution of a water-soluble silver salt 
such as silver nitrate to prepare an orgamc 
silver salt , , 

Further, it is possible to use the process des- 
cribed in U.S. Patent 3,839,049 wherein a 
50 collodial dispersion of an ammonium salt or 
an alkaH metal salt of an organic silver salt 
fonning agent is mixed with an aqueous solu- 
tion of a water-soluble sOver salt such as alver 
nitrate. In a similar process, it is possible to 
55 use an aqueous solution of a silver complex 
salt such as a silver amine complex salt or a 
solution of such a salt in a watex-misable 
solvent instead of the aqueous solution of the 
water-soluble silver salt such as silver mtrafc. 
60 Another process for preparing orgMUC silver 
salts is the process described in U.S. Patent 
3,458,544. Namely, in diis process, organic 
carboxyUc add silver salts are prepared by 



mixing a water difficultly-misdble solution 
(oily solution) such as a benzene solution of an 65 
organic carboxyUc acid with an aqueous solu- 
tion of a silver complex salt. Prefer^ly the 
water is added to the oily solution to form 
an emulsion prior to mixing with the aqueous 
solution of die silver complex salt. This pro- 70 
cess can be also appKed to tiie preparation 
of other organic silver salts. j • 

A similar process has been described m 
Canadian Patent 847,351 wherem the result- 
ing organic silver salts are more stable to heat 75 
and light. In this process, a sUver salt solution 
without using an alkaU such as an aqueous 
solution containing only sOvcr mtratc is used 
instead of the sUver complex salt. ^ 

Further, a process for preparing organic 80 
silver salts is described in West German 
Patent AppHcation (OLS) 2,402,906. This 
process is preferred because heat-developable 
light-sensitive materials containing tiie result- 
ing organic silver salt do not form as much 85 
heat-fog (undesirable fog generated on the 
unexposed area when die light-sensitive 
material is heated). Namdy, tiiis process com- 
prises mixing an emulsion composed of an 
aqueous solution of a salt (for example, an 90 
alkaU metal salt such as a sodium sal^ a 
potassium sak or a lithium salt or an am- 
monium salt), of a water-soluble organic silver 
salt fonning agent and an oil (for example, 
benzene, toluene, cyclohexane, pentane, herane, 95 
catbo^Hc acid esters such as an acetate, phos- 
phoric add esters, and oils such as castor ou), 
witii a solution of, and preferably an aqueous 
solution of, a silver salt which is more water- 
soluble than the organic silver salt, such as lUU 
silver nitrate) or a silver complex salt to 
pare the orgamc silver salt. In another embodi- 
ment of tiiis process, it is possible to prepare 
tiie organic silver salt by mixing an aqueous 
alkali solution (for example, an aqueous solu- 105 
tion of sodium hydroxide) with an oil-soluble 
solution of an organic silver salt forming agent 
(for example, a toluene solution of the organic 
silver salt forming agent) and mixing the 
resulting emulsion with a solution, and pr^er- uu 
ably an aqueous solution, of a soluble silver 
salt such as silver nitrate or a silver complex 
salt such as a silver ammine complex salt. 

The oils which can be used for the d)ove- 
described oily solution include the followmg 115 
compounds: 

(1) Phosphoric add esters: 

For example, tricresyl phosphate, tnbutyl 
phosphate, and mono-octyl dibutyl phosphate; 

(2) Phthalic add esters: 120 
For example, diethyl phthalate, dibutyl 
phthalate, dimethyl phthalate, dioctyl phthalate 

and dimethoxyethyl phthalate; 

(3) Cari)oxylic add esters: 

For example, acetates such as amyl acetate, 1-^5 
isopropyl acetate, isoamyl acetate, ethyl acetate, 
2-ethylbutyl acetate, butyl acetate and propyl 
acetate, sebacates such as dioctyl sebacate, di- 
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butyl sebacate, and diethyl sebacate; suc- 
cinates such as diethyl succinate; fonnates 
such as ethyl fonnate, pr pyl formate^ butyl 
formate and amyl formate; tartarates such 
5 as diethyl tartarate; valerates such as ethyl 
valerate; butyrates such as methyl butyrate, 
ethyl butyrate, butyl butyrate and isoamyl 
butyrate; and adipic acid esters; 

(4) Oils such as castor oil, cotton seed 
10 oil, linseed oil and tsubaki oil; 

(5) Aromatic hydrocarbons such as benzene, 
toluene and xylene; 

(6) Aliphatic hydrocarbons such as pen- 
tane, hexane and heptane, and 

15 (7) Cyclic hydrocarbons such as cyclo- 
hexane. 

Examples of silver complex salts include 
silver amminc complex salt, silver methylamine 
complex salt and silver cthylamine complex 

20 salt, and preferably alkali-soluble complex 
salts having a dissociation constant higher than 
the organic silver salts are suitably used. 

Examples of solvents for the silver salts such 
as silver nitrate include nor only water but also 

25 polar solvents such as dimethyl sulfoxide, di- 
methylfoimamide and acetonitrile. 

Further, ultrasonic waves can be employed 
during die preparation of the organic silver 
salts as described in West German Patent 

30 Application (^OLS) 2,401,159. Particularly, 
emulsification can be easily carried out by 
applying ultrasonic waves when it is desired 
to emulsify water and oils. Further, it is pos- 
sible to use surface active agents for the 

35 purpose of controlling the particle size of the 
organic silver salts during the preparation 
thereof. 

The oraganic silver salts can also be pre- 
pared in the presence of polymers. A specific 

40 process has been described in U.S. Patent 
3,700,458, which comprises mixing a non- 
aqueous solution of an organic carboxylic acid 
with a non-aqueous solution of a heavy metal 
salt of trifluoroacetate or tetrafluoroborate in 

45 the presence of a polymer to produce a heavy 
metal sak of the organic carboxylic acid such 
as a silver salt thereof. A process which com- 
prises reacting a colloid dispersion of an 
organic silver salt forming agent with an 

50 aqueous solution of silver nitrate has been des- 
cribed in U.S. Patent 3,839,049. Furthermore, 
a process for producing an emulsion using 
similar non-aqueous solutions has been des- 
cribed in U.S. Patent 3,748,143. In addition, 

55 it is possible, as described in Japanese Patent 
Apphcation (OPI) 13224/1974 and West 
German Patent ApjpUcation (OLS) 2,322,096, 
to change the particle form, the particle size 
and photographic properties such as light 

60 stability or sensitivity of the organic silver 
salts due to the presence of a metal salt or a 
metal complex such as a mercury or lead com- 
pound during the preparation of the organic 
silver salts. 

65 It has been also confirmed that cobalt 



manganese, nickel, iron, rhodium, iridium, 
platinum, gold, cadmium, zinc, lithium, cop- 
per, thallium, tin, bismuth, antimony, 
chromium, ruthenium, palladium and osmium 
in addition to the mercury and lead described 70 
above are eflfecdve as the metal In order to 
use diese metal-containing compounds, a mix- 
ture or dispersion of a solution of a silver 
salt forming organic compound and a metal- 
containing compound can be mixed with an 75 
aqueous solution of a soluble silver salt such 
as silver nitrate or an aqueous solution of a 
silver complex salt such as a silver amminc 
complex salt Further, a solution or dispersion 
of the metal contaming compound can be 80 
mixed with an aqueous solution of the silver 
salt or a silver complex salt and a solution 
or dispersion of the silver salt forming organic 
compound. Furthermore, a method comprising 
mixing a solution or dispersion of the silver 85 
salt forming organic compound with a solution 
or dispersion of a mixture of the silver salt 
or silver complex salt and the metal-contain- 
ing compound is also preferred. A preferred , 
amount of the metal-containing compound is 90 
from 10-* to 10-^ moles per mole of the 
organic silver salt and from 10"* to lO^** moles 
per mole of the silver halide. 

The particle size of thus-resulting organic 
silver salts is 0.01 miaon to 10 microns along 95 
the longer axis and preferably 0.1 micron to 
about 5 microns. 

Examples of Ught-sensitive silver halides 
which can be employed as component (b) 
in the invention include silver chloride, silver 100 
bromide, silver iodide, silver chlorobromo- 
iodide, silver chlorobromide, silver chloro- 
iodide, silver iodobromide and a mixture there- 
of. The light-sensitive silver halide can be in 
the form of coarse particles or fine particles, 105 
but preferably fine particles. A preferred par- 
ticle size of the silver halide is about 0.001 
to 1 micron, inore preferably about 0.01 to 
0.5 micron, along the longer axis. 

The light-sensitive silver halide can be pre- 110 
pared as a photographic emulsion by any of 
the procedures imown in the field of photo- 
graphy, such as a single }et procedure and a 
double jet procedure. Examples of silver 
halides used in this invention include these 115 
prepared by a Lippmann process, an am- 
moniacal process and thiocyanatc or thioether 
ripening process. The silver halide used can 
be unwashed or washed, e.g., with water or an 
alcohol to remove soluble salts. 120 

The silver halide used in the invention can 
be chemically sensitized with a chemical sen- 
sitizer such as sulfur, selenium, tellurium, gold, 
platinum, palladium or a reducing agent such 
as a starmous halide, e.g., as disclosed in U.S. 125 
Patents Nos. 1,623,499, 2,399,083 and 
3,297,447. The silver halide preferably contains 
an antifoggant or a stabilizer such as a 
thiazolium sak, an azaindene, a mercury salt, 
a urazole, a sulfocatechol, an oxime, a nitron 130 
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or a mtroindazole, e.g., as disclosed in U.S. 
Patents Nos. 2,728,663, 2,839,405, 2,566,263, 
2,597,915 and British Patent No. 623,448. 
The silver haKde emulsion prepared in 

5 advance can be mixed with an oxidation- 
reduction composition comprising an organic 
silver salt and a reducing agen^ as described 
in U.S. Patent No. 3,152,904, According to 
this method, however, sufficient contact is not 

10 attained between the silver halide and the 
organic siher salt (e.g., as disclosed in U.S. 
Patent No, 3,457,075). In order to achieve 
good contact between the silver halide and 
the organic silver salt, various techniques can 

15 be employed. One dffective technique is to mix 
the materials in the presence of a surface active 
agent, as described in British Patent No. 
1,469,116. According to another method a 
silver halide is prepared in the presence of a 

20 polymer and then mixed with an organic silver 
salt (for example, as disclosed in U.S. Patent 
Nos, 3,705,565; 3,713,833; 3,706,564 and 
3,761,273; French Patent Nos. 2,107,162 and 
2,078,586; and Belgian Patent No. 774,436. 

25 The light-sensitive silver halide employed in 
the invention can be simultaneously prepared 
with the preparation of the organic sdver salt 
as disclosed in British Patent No. 1,447,454, 
by mixing a silver salt (e.g., silver nitrate or 

30 a silver complex salt) solution with a solution 
or dispersion of an organic silver salt-forming 
compound or a salt thereof and a silver halide 
forming compound solution, or by niixing a 
silver halide-forming compound solution and 

35 a solution or dispersion of an organic silver 
salt-forming compotmd or a salt thereof and 
a solution of a silver salt such as silver nitrate 
or a silver complex salt, whereby silver halide 
is prepared simultaneously w^th the organic 

40 silver salt Further, the light-sensitive silver 
halide employed in the invention can be pre- 
pared by a partial conversipn of the organic 
silver salt by subjecting a solution or disper- 
sion of the previously prepared organic silver 

45 salt to a silver halide forming compound or 
a sheet material ccmtaining an organic silver 
salt with a silver halide forrffing compound. 
The thus-prepared silver halide is in effective 
contact with the organic silver salt to provide 

50 preferred results as disclosed in U.S. Patent 
3,457,075. 

The light-sensitive silver halide forming 
components (b) which can be employed in 
this invention include any compounds capable 

55 of forming silver halide on reaction with the 
organic silver salt. Whether the compounds 
can be employed as a silver halide forming 
component can be determined by a routine 
test. For example, after mixing a compound 

60 for fonning a silver halide with the oxganic 
silver salt, and if necessary heating, the X- 
ray diffraction pattern obtained by an X-ray 
diffraction method is examined to determine 
whether diffraction peaks inherent to silver 

65 halide are present. 



Examples of silver halide forming com- 
ponents include the following compounds (List 
B): 

(1) Inorgamc halides: 

Chlorides, bromides and iodides of hydrogen 70 
ammonium or a metal; suitable metal atoms 
include lithium, sodium, potassium, rubidium, 
cesium, copper, gold, beryllium, magnesium, 
calcium, strontium, barium, zinc, cadxiiium, 
mercury, aluminium, gallium, indium, thai- 75 
hum, germanium, tin, lead, antimony, bismuth, 
chromium, molybdenum, tungsten, manganese, 
rhenium, iron, cobalt, nickel, ruthenium, 
rhodium, palladium, osmium, iridium and 
platinum. 80 

(2) Halogen-containing metal complexes: 
For example, KaPtOe, KjPtBre, HAuCl,, 
(NHJJrOe, (NH,)aIra, (NHO^RiiCl^ 
(NH),),Rua; (NH,)sRha and 

(NH,)aRhBr«. 85 

(3) Onium halides: 

For example, quaternary ammonium halides 
such as trunethylphenyl ammoniurn bromide, 
cetylethyldimethyl ammonium bromide and tri- 
me±ylben2yl ammonium bromide;, quaternary 90 
phosphonium halides such as tetraetiiyl phos- 
phonium bromide and tertiary sulfonium 
halides such as trimethyl sulfonium iodide. 
Furdier, these onium halides can be used in 
final coating dispersions for the purpose of 95 
decreasing sensitivity or, if desired, decreasing 
the badcground density, as described in U.S. 
Patent 3,679,422. 

(4) Halogenated hydrocarbons: 

For example, iodoform, bromoform, carbon 100 
tetrabroniide and 2-bromo-2-methylpropane; 

(5) N-halogen compounds: 

For example, compounds represented by the 
following f(»mulae: 



0 
B 



^2- 



N — ^X' 
(II) 



and 



/ 



(HI) 



105 



wherein X' represents CI, Br or I; Z represents 
a group of atoms necessary to form a 5- or 
6-mcmbered ring, wherein the 5- or 6-mem- 
bered ring may be condensed with another 
ring; A represents a carbonyl group or a sul- 110 
fonyl group; and R" and R^* each represents 
an alkyl group, an aryl group or an aJkoxy 
group. For example, N-bromosucdnimide, N- 
bromophthah'mide, N - bromoacetamid^ N- 
iodosuccinimide and N - bromophthaladinone 115 
are suitable. These compounds have been des- 
cribed in detail in west German Patent 
Application (OLS) 2,453,131. In addition, N- 
halo compounds of benzotriazole and substi- 
tuted benzotriazoles such as the aliyl, nitro, 120 
halo, imido or amino substituted benzotriazoles 
are also effective. Furthermore, N-bromobenz- 
imidazoles are suitable. 
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(6) Other halogen-containing compounds: 
For example, triphenylmethyl chloride, tti- 
phenylmethyl bromide, 2 - bromobulyric add, 
2 . bromoedianol and dichlorobenzophenone* 
5 After the compound (b) which forms the 
silver halide is added, tiie coating dispersion 
can be ripened by allowing the dispersion to 
stand for a suitable period (for example, 20 
minutes to 48 hours) at room temperature 

10 (about 20** to 25** C) or at a higher tempera- 
ture (about 30** to 80* C) to increase the 
sensitivity and decrease heat fog, or to improve 
other photographic characterisdcs, if desired, 
in the presence of thiosulphate salts, other 

15 sulphur-containing compounds, metals such as 
gold, chromium, tin or lithium, and/or re- 
ducing agents. 

The sUver halide forming componrat (b) 
can be employed individually or as a mixture. 

20 A suitable amount of the silver halide forming 
component is 0.001 to 0.5 mole, preferably 
0.01 to 0.3 mole, per mole of the organic silver 
salt employed as the component (a). If the 
amount is more than 0.3 mole, the colour 

25 changes which is an undesirable coloration of 
the background which occurs on allowing the 
exposed and developed light-sensitive material 
to stand under normal room illumination. If 
the amount is less dian about 0.001, the sen- 

30 sitivity is reduced. 

The palladium-containing compound (com- 
ponent (d)) can be added during or prior to 
formation of the organic silver sale, i.e., in 
stages prior to the formation of the silver 

35 halidc (b), or it may be added during the 
formation of die silver halide as described 
below, or added after the formation of the 
silver halide. 
It is most preferred to add the paUadium- 

40 containing compound after the formation of 
the silver halide. In particular, when this is 
done and the mixture is then allowed to stand 
at room temperature or higher temperatures 
(20® C to 80* C) for an adequate dme (e.g. 

45 10 minutes to 48 hours), the amount of the 
palladium-containing compoimd can be re- 
duced as compared with the cases of a system 
not subjected to such processing. 
The reducing agent of component (c) used 

50 in the heat developable light-sensitive materials 
of the present invention is a compound capable 
of reducing the organic silver salt component 
(a) when heated in ±e presence of an exposed 
silver halide and can be suitably selected 

55 depending upon the organic silver salt com- 
ponent (a) with which it is used in combina- 
tion. Examples of such reducing agents include 
substituted phenols, substituted or unsubsti- 
tutc^l bisphenols, substituted or unsubstituted 

60 mono- or biaiaphthols, di- or polyhydroxy- 
benzenes, di. or polyhydroxynaphthalenes, 
hydroquinone monoethers, ascorbic acid and 
derivatives thereof, 3 - pyrazolidones, pyrazo- 
lin-5-ones, reducing saccharides, aromatic pri- 

65 mary amino compounds, reductones, kojic acid, 



hinokitiol, hydroxylamine$, hydroxytetronic 
adds, hydroxytetronic acid amides, hydroxamic 
adds, sulfhydrooxamic adds, hydrazides, 
indan - 1,3 - diones and p - oxyphenyl- 
glycmes. Of these reducing agents, reducing 70 
agents which are photolytically decomposed 
are preferred. Photolytically decomposable re- 
ducing agents are described in U.S. Patent 
3,827,889. Further, it is possible to use the 
reducing agents together with compounds 75 
which accelerate the photolysis, as described 
in U.S. Patent 3,756,829, Blocked bisphenol 
type reducing agents are also used as preferred 
compounds and have been described in, for 
example, U.S. Patent 3,589,903 and British 80 
Patent No. 1,441,223. 

Other examples of the reducing agents which 
can be used in the present invention are des- 
cribed in U.S. Patents 3,152,904, 3,457,075, 
3,531,286, 3,615,533, 3,679,426, 3,672,904, 85 
3,751,252, 3,751,255, 3,782,949, 3,770,448 and 
3,773,512, U.S. Patent 3,819,382 and Belgian 
Patent 786,086. 

Examples of suitable reducing agents are as 
follows: 90 

(1) Substituted phenols: 
Aminophcnols, for example, 2,4 - diamine- 
phenol, methylaminophenol, p - aminophenol, 
o - aminophenol, 2 • methoxy - 4 -aminophenol 

and 2 - j8 - hydroxyethyl - 4 - aminophenol; 95 
alkyl - substituted phenols, for example, p-t- 
butylphenol, ^-f-amylphenol, p-cresol, 2,6-di- 
/ - butyl - p - cx^ly p - ethylphenol, p-sec- 
butylphenol, 2,3-dimethylphenol, 3,4-xylenoI, 
2,4-xylenol, 2,4-di-/-butylphenol, 2,4,5-tri- 100 
methylphenol, p - nonylphenol and p - octyl- 
phenol; other phenols, for example, ^aceto- 
phenol, p - acetoacetyl - 4 - methylphenol, 1,4- 
dimethoxyphenol, 2,6 - dimethoxyphenol, 
chlorothymol, 3,5 - di - f - butyl - 4 - hydroxy- 105 
benzyl - dimethylamine, and sulfonamido- 
phenols, for example, compounds described in 
U.S. Patent 3,801,32U and novolak resin type 
reaction products of formaldehyde and phenol 
derivatives (for example, 4 - methoxyphenol, 110 
m - cresol, o- or p - butylphenol, 2,6 - di - t- 
butylphenol and mixtures thereof). 

(2) Substituted or unsubstituted bisi}henols: 
0 - bis - Phenols, for example, 1,1 - bis - (2- 
hydroxy - 3,5 - dimethylphenyl) - 3,5 - tri- 115 
methylhexane, bis - (2 - hydros - 3 - 

butyl - 5 - methylphenyl)methane, bis - (2- 
hydroxy - 3,5 - di - r - butylphenyl) - methane, 
bis - (2 - hydroxy -. 3 - t - butyl - 5 - ethyl- 
phenyl)methane, 2,6 - methylene - bis - (2- 120 
hydroxy - 3 - t - butyl - 5 - methylphenyl)- 
4 - methylphenol, 1,1 - bis - (5 - chloro - 2- 
hydroxyphenyl)methane, 2,2' - methylene- 
bis - 4 - methyl - 6 - (1 - methylcyclohexyl)- 
phenol, 1,1 - bis - (2 - hydroxy - 3,5 - di- 125 
methylphenyl) - 2 - methylpropane, 1,1,5,5- 
tetrakis - (2 - hydroxy - 3,5 - dimethyl- 
phenyl) - 2,4 - ethylpentane and 3,3',53'- 
tetramethyl - 6,6' - dihydroxytriphenyl- 
methanej /> - bis - phenols, for example, 130 
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bisphenol A, 4,4' - metfaytoe - bis - (3- 
meWl - 5 - t ' butylphenol), 4,4- 
methylene - bis - (2,6 - di - ^ - hepqrlidaie). 
di - (o - cresol), 4,4' - ethyUdene - bis - (2,6- 
5 dx-tert- butylphenol), 4,4' - (2 - butylidene)- 
di - (2,6 - xyknol). 4,4' - (p - methyl- 
benzyUdene) - di - (o - cresol), 4,4 - (p- 
methoxybenzyUdene) - bis - (2,6 - di - tert- 
butylphenol), 4,4' - (? - mtrobenzyhdcne)- 
10 di - (2,6 - xylenol) and 4,4' - (p - hydroxy- 
benzyUdene) - di - (o - cresol); and others, 
for example, 3,5 - di - ^ - butyl - 4- 
hvdroxybenzyldimethylamme, polyphenols 
sQch as «,«' - (3,5 - di - ^- butyl - 4- 
15 hydroxyphenyl)dimethylether, 2A6 - tns- 
r3,5 . di - / - butyl - 4 - hydroxybenzylV 
ph^ol, N,N' - di - (4 - hydroxyphenyl)- 
urea and tetrakis - [methylene - (3,5 - di- 
t - butyl - 4 - hydroxyhydrocinnamatej- 
20 methane, diethylstilbestrol, hexestrol, bis- 
(3,5 ' di ' t - butyl - .4 - hydroxybenzyl)- 
^thcr and 2,6 - bis - (2' - hydroxy - 3 - 
t - butyl - 5' hydroxybenzyl) - 4 - methyl- 
phenol). , . , 
25 (3) Substituted or unsubstituted mono- or 
bis-naphthols and di- or polyhydroxy naph- 
thalenes: I 
bis - S - Naphthols, for exampl^ 2,2 - 
dihydroxy - 1,1' - binaphtfayl, 6,6' - di- 
30 bromo - 2,2' - dihydroxy - 1,1' - bmaphthyl, 
6,6' - dinitro - 2,2^ - dihydrtixy - 1,1' - bma- 
naphthyl, bis - (2 - hydroxy - 1 - naphthyl)- 
methane and 4,4' - dimethoxy - 1,1' - di- 
hydroxy - 2,2' - binaphthyl; naphthol^ for 
35 example, <z - naphthol, p - naphthol, 1- 
hydroxy - 4 - aminonaphthalene, Ip - <ii- 
hydroxynaphthalene, 1,3 - dihydroxynaph- 
thalene, 1 - hydroxy - 2 - phenyl - 4 - meth- 
oxynaphthalene, 1 - hydroicy - 2 - methyl - 4- 
40 methoxynaphthalene, 1 - hydroxy - 4 - meth- 
oxynaphthalene, 1,4 - dihydroxynaphthalene, 
methylhydroxynaphthalcnc, sodium 1 - amino- 
2 - naphthol - 6 - sulfonate, 1 - naphthyl- 
amine - 7 - sulfonic acid and sulfonamido- 
45 naphthols. , 
?4) Di- or polyhydroxybenzenes ana 
hydroxy - monoethers (e.g., as described in, 
for example, U.S. Patent 3,801,321): 
Hydrx)quinone; alkyl substituted hydro- 
50 quinones, for example, methylhydroquinone, t- 
butylhydroquinone, 2,5 - dimethylhydro- 
qumone, 2,6 - dimethylhydroqumone and 
f - octylhydroquinone, etc.; halogen-subsutu- 
ted hydroquinones, for example, chlorohydro- 
55 quinone, dichlorohydroquinone and bromo- 
hydroquinone; alkoxy - substituted hydro- 
quinone, for example, methoxyhydroqumone 
and ethoxyhydroquinonc; other subsatuted 
hydroquinones, for example, phenylhydro- 
60 quinone and hydroquinone monosulfonate; 
hydroquinone monoethers, for example, p- 
methoxyphenol, p - ethoxyphenol, hydro- 
quinone monobenzyl ether, 2 - r - butyl - 4- 
methoxyphen 1, 2,5 - di - i - butyl - 4 - meth- 
65 oxyphenol, hydroquinone mono - n - propyl 



ether and hydroquinone mono - » - h^l 
ether; and others, for example, catechol, 
pyrogallol, resordnol, 1 - chloro - 2,4 - di- 
hydroxybcnzene, 3,5 - di butyl - 2,6- 
dihydroxybenzoic acid, 2,4 - dihydroxybenzoic 70 
acid, 2,4 - dihydroxyphenyl sulfide, methyl 
gallate, and propyl gallate. .... 

(5) Ascorbic add and denvatives thereof: 
1-Ascorbic acid; isoascorbic acid; ascorbic 
acid monoesters, for example, ascorbic aad 
monolaurate, monomyristate, monopahnitai^ 
monostearate and monobehenate; ascorbic aad 
diesters, for example, ascorbic acid dilaurate, 
dunyristate, dipalmitate and distewate; and 
the compounds described in U.S. Patent 80 

3,337,342. ^ , _ 

r6) 3 - Pyrazolines and pyrazolones: 
For example, 1 - phenyl - 3 - pyrazohdone, 

4 - methyl - 4 - hydroxymethyl - 1 - pb^?^ 
3 - pyrazolidone, the compounds descnT)ea 
in Bntish Patent 930,572, and 1 - (2 - qumo- 
lyl) - 3 - methyl - 5 - pyrazolone. 

(7) Reducing saccharides: 

For example, glucose and lactose. 

(8) Aromatic primary amino compounds: w 
Ei^ples of typical compounds include NJ»4- 
diethyl - p - phenylenediamine - 2 ' 

5 - diethylaminotoluene, 2 - ammo - 5 - C W- 
ethyl - N - laurylamino) - toluene, 4 - [N- 
edivl - N - (i3 - hydroxyethyl)amino]anihne 
and 3 - methyl - 4 - amino - N - ethyl - N- 
(8 - hydroxyethyl)aniline, 4 - ammo - 3- 
iTethyl - N. ethyl -N.(g-methane^^^^ - 
amidocthyl)aniline sesqmsulf ate mo^^^ 

as described in U.S. Patent 2,193,015, N - (2- 100 
amino - 5 - diethyIaminophenylethyl)metiiane- 
sulfoamide sulfate as described in U.S. Patent 
2,592,364, N,N - dimethyl - p - phenylene- 
diamine hydrochloride and 3 - methyl - 4- 
amino - N ~ ethyl - N - methoxyethylanilme ivd 
as described in Japanese Patent Application 
(OPI) 64933/1973, and die inorgamc salte 
diereof . These compounds have been described 
in L,F.A. Mason, Photographic Processmg 
CAemw^ry, pages 226 to 229, Focal Press, Lon- 110 

don (1966). 

(9) Hydroxylamines: 

For example, N,N - di - (2 - ethoxyethyl- 
hydroxylamine, 

(10) Reductones: 
Aiiycto-dihydroaniinohexose reductones as 
desCTibed in, for example, U.S. Patent No. 
3,679,426 and linear aminoreductones as des- 
cribed in Belgian Patent No. 786,086. 

(11) Hydroxamic acids: 

Fot example, hydroxamic acids as d^cribeci 
ki U.S. Pat^ts Nos. 3,751,252 and 3,751,255. 

(12) Hydrazides: ^ u 
For example, hydroxy-subsututed ahphanc 
acid aryl hydrazides as described m U.S. 
Patent No. 3,782,949. 

(13) Other compounds: 

For example, pyrazoline-5-ones as descnbea 
in U.S. Patent No. 3,770,448, indan-l,3-diones 
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having at least one hydrogen atom at the 2- 

6>sidon thereof as described in U.S. Patent 
0. 3,773^12; amidoximes as described in 
U.S. Patent No. 3,794,488, and reducing 
agents as described in U.S. Patent No. 
3,615,533 and U.S. Patent No. 3,819,382, in- 
cluding kojic acid, hinokitiol, hydroxytetronic 
acid, a hydroxytetrcmamide, sulphohydroxamic 
acid and />-hydroxyphenylglydne. 

Of these reducing agents, the compounds 
having an alkyl group (e.g., a methyl group, an 
ethyl group, a propyl group, an isopropyl 
group, a butyl group or an amyl group) on at 
least one position adjacent to the position at 
which a hydroxyl group is bonded to an 
aromatic nucleus are preferred because they 
are stable to light and color change due to 
exposure to Hght is small For example, mono-, 
bis-, tris or tetrakis phenols having a 2,6-di- 
rerf-butyl-phenol group are preferred examples 
of reducing agents. Typical examples of these 
compounds are (i) esters of caiboxylic acids 
derived from phenols havmg a bulky substi- 
tuent in at least one ortho-position with mono- 
hydric or poly-bydric alcohols or phenols, and 
(if) esters of alcohols derived from phenols 
having a bulky substituent in at least one 
ortho-position or phenols having a bulky sub- 
stituent in at least one ortho-position with 
mono- or polycazboxylic adds. These esters can 
be represented by the formulae: 



Rl3 



HO 





fiJ6 (X) 



wherein Z is a di-valent group containing up 
to 30 carbon atoms, R" is an alkyl group 
having 2 to 20 carbon atoms^ R^^ is a hydrogen 
atom or an alkyl group having 1 to 20 carbon 
atoms, R^' is an alcohol residue;, R" is a carb- 
o^lic acid residue, // and m each is a positive 
integer which is equal to number of alcohol 
and carboxylic add residues, respectively, 
esterffied, and /> is 0 or 1. Spedfic examples 
of these compounds includes tetrakis- 
[methylene - (3,5 - di - tert - butyl - 4- 
hydroxyhydrodnnamate)] methane and octa- 
decyl - 3 - (3',5' - di - tert . butyl - 4'- 
hydroxyphenyl)propionate. 



It has been found that, of these esters, those 
represented by the following general formula 
^VI) provide an increased image density and 
desirable blade tone when used in combination 
with phthalazinones, which can be present 
in the composition according t the invention 
as a particularly desirable activator toning 
agent as described hereinafter. 



HO 



C(CH3)3 
C(CH3)3 



CCsH2s)C00 R''' (VI) 



wherein R^^ represents a residue of a saturated 
acyclic fany alcohol represented by the fomula 
QH8ci+2+t> wherein d represents a positive 
integer of from 1 to 6 and t represents a posi- 
tive integer of from 1 to 4d, and 5 represents 
1, 2, 3 or 4. 

Other preferred reducing agents include, e.g., 
(blocked) bisphenols having a 2,4-di-^-butyl- 
phenol group or 2,4-di-i-amylphenol group. 
Examples of the bisphenols are compounds 
shown by the following formula: 




In the above formula, R^^ and R^" represent 
a /-butyl group or a /-amyl group, and R*' 
represents an alkyl group having 1 to 8 carbon 
atoms. 

Further, photodecomposable reducing agents 
such as ascorbic add and the derivatives here- 
of, furoin, benzoin, dihydroxyacetone, gtycer- 
aldehyde, rhodizonic add tetrahydroxyquinone 
and 4-methoxy-l-naphthol, are preferred. 
They are decomposed by light even if the 
light-sensitive materials in which they are pre- 
sent are allowed to stand in the light after 
development, whereby reduction docs not pro- 
ceed and so no colour change occurs. Furdier- 
more, direa-positive images can be obtained 
by incorporating a compound which catalyses 
the destruction of the reducing agent upon 
imagewise exposure as disclosed in Japanese 
Patent Publications Nos, 22185/70 and 
41865/71. 

Two or more reducing agents can be used. 
Examples of the tw or more redudn^ agents 
used in combination are disdosed in Japanese 
Patent Application No. 27242/73 and U.S. 
Patents Nos. 3,667,958 and 3,751,249. It has 



50 



55 



60 



65 



70 



75 



80 



85 



90 



1,5Q2,670 



also been confinned diat the development can 
be accelerated by using the reducing agent 
in combination with a tin compound, an iron 
compound, a cobalt compound, or a nickel 
5 compound. ^ . , . , 

A suitable reducing agent used is selected 
based on the combination of the organic sJver 
salt employed as the component (a) with 
which the reducmg agent is used. For example, 
10 a strong reducing agent is suitable for a silver 
salt such as a silver salt of benzotnazole or 
silver behenate which is comparatively difficult 
to reduce, and a weak reducing agent is suit- 
able for a silver salt such as silver caprate of 
15 silver laurate which is comparatively easy to 
reduce. That is, once the organic silver salt is 
determined, the reducing agent can be selected 
depending on the organic silver salt Suitable 
reducing agents for silver benzotnazole are 1- 
20 phenyl-3-pyrazolidones, ascorbic acid, ascorbic 
acid monoesters and naphthols such as 4- 
methoxy-l-naphthols. Suitable reducing agents 
for silver behenate are o-bisphenols and hydro- 
quinone. Suitable reducing agents for silver 
25 caprate and silver laurate are substituted tetra- 
kispcnols, p-bisphenols such as substituted 
bisphenol A, and p-phenylphenol. The selection 
of an appropriate reducing agent for the 
organic silver salt can be facilitated by using 
30 two or more reducing agents. 

The amount of the reducing agent iised m 
the invention can widely vary depending on 
the kind of organic silver salt used, the kind 
of reducing agent used and the other additives 
35 present, but the amount of the reducing agent 
IS generally about 0.05 to 5 mols, preferably 
about 0.1 to 2 mols per mol, of the organic 
silver salt 

If desired, an auxiliary reducing agent can 

40 be used in combination with the reducing agent 
employed. The amount of the auxiliary reduc- 
ing agent to be used in the invention can be 
varied over a wide range, depending on the 
reducing power of the reducing agents and the 

45 reducibility of the organic silver salt used, but 
a suitable amount of the auxiliary reducing 
agent generally is from about 10^ to 1 mole, 
preferably from 10-» to 0.8 mole per mole of 
the main reducing agent Examples of effective 

50 combinations of reducing agents include a com- 
bination of o- or p-bisphenols and the above 
described esters selected from esters of mpno- 
or polyhydric phenols or alcohols with carb- 
oxylic acids derived from phenols having at 

55 least one bulky ortho-substituent, and esters 
of mono- or poly-caiboxylic adds with poly- 
hydric phenols having at least one bulky ortho- 
substituent or alcohols derived from phenols 
having at least one bullqr ortho-substituent By 

60 use of one of these combinations, a heat de- 
velopable lidit-sensitive clement having re- 
duced heat-iogging, increased whiteness and 
improved li^t stability after development can 
be obtained. 

65 The combination of two or more mono- or 



polyphenolic reducing agents having alkyl 
groups at both positions adjacent to the posi- 
tion m the aromatic nucleus where die hydroxyl 
is substituted is effective to prevent light- 
decoloration. 

A compound of tin, iron, cobalt or nickel can 
be added as a development accelerator. 

In forming a black image of silver using the 
heat developable light-sensitive material of the 
present invention, a colour toning agent as an 
additive is preferably incorporated in the 
material The colour toning agent is used 
when it is desired to change the formed image 
into a deep color image and particularly into 
a black image. The amount of the color 
toning agent generally ranges from about 
0.0001 mole to about 2 moles, and prefer- 
ably about 0.0005 mole to about 1 mole, per 
mol of the organic silver salt Although the 
color toning agent which is effective depends 
upon the organic silver salt and the reducing 
agent used, in general, heterocyclic organic 
compounds containing at least two hetero 
atoms wherein at least one nitrogen atom is 
present m the ring are used as a color toning 
agent These compounds are described in, for 
example, U.S. Patent 3,080,254. Phthalazone 
(phthalazinone), phthalic acid anhydride, 2- 
acetylphthalazinone, 2 - phthaloylphthal- 
azinone and substituted phthalazinone deriva- 
tives as described in West German Patent 
Application (OLS) 2,449,252 also can be 
suitably used in the present invention. 

Examples of other effective color toning 
agents include pyrazolin - 5 - ones, cyclic 
imides and quinazolinone, as described in U.S. 
Patent 3,846,136. For example, phthalimide, 
N - hydroxyphthalimide, N - potassium 
phthalimide and silver phthalimide are typical. 
Silver phthalazinone is also effective as a color 
toning agent Other efective color toning 
agents are the mercapto compounds described 
in U.S. Patent 3,832,186 and West German 
Patent AppUcation (OLS) 2,321,217. In 
addition, the oxazinediones as descnbed in 
West Gennan Patent Application (OLS) 
2,422,012, the phthalazine diones desCTibed 
in West German Patent Application (OLS) 
2,449,252, the uracils described in British 
Patent No. 1,462,016, the N - hydro^aph- 
thalimides described in U.S. Patent 3,782,941, 
the substituted phthalimides described in West 
German Patent Application (OLS) Nos. 
2,140,406, 2,141,063 and U.S. Patent 
3,844,797, and the phthalazinone derivatives 
described in West German Patent Application 
(OLS) No. 2,220,618 can be used too. 

Preferably each component used in the pre- 
sent invention is included in a binder so as 
to provide a homogeneous film on a support. 
Al±o^^ preferred binders are generally 
hydrophobic, hydrophilic binders can also be 
used. These binders are transparent or semi- 
transparent For example, proteins such as 
gelatin or gelatin derivatives, cellul se denva- 
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. tives» polysaccharides such as dextran^ natural 
materials such as gum arable, latex vinyl 
compounds which increase the dimensiozml 
stability f the photographic materials and 
5 synthetic polymers described hereinafter can 
be used. Preferred synthetic polymers are 
those described in U.S. Patents 3,142,586, 
3,193,386, 3,062,674, 3,220,844, 3,287,289 and 
3,411,911. Effective polymers include water- 

10 insoluble polymers of aUcyl acrylates and meth- 
aciylates, acrylic add, sulfoalkyl acrylates or 
methaaylates, and compounds having a repeat- 
ing sulfobetaine unit as described in Guiadian 
Patent 774,054. Examples of preferred high 

15 molecular weight materials and resins include 
polyvinyl butyral, polyacrylamide, cellulose 
acetate butyrate, cellulose acetate propionate, 
polymethyl methacrylate, polyvinyl pynolidone, 
polystyrene, ethyl cellulose, polyvinyl chloride, 

20 chlorinated rubber, polyisobutylene, butadiene- 
styrene copolymers, vinyl chloride-vinyl acetate 
copolymers, vinyl acetate-vinyl chloride-maleic 
acid-terpolymers, polyvinyl alcohol, polyvinyl 
acetate, benzyl cellulose, polyvinyl acetate, 

25 acetylcellulose, cellulose propionate and cellu- 
lose acetate phthalate. Of these polymers, 
polyvinyl butyral, polyvinyl acetate, ethyl cel- 
lulose polymethyl methacrylate and cellulose 
acetate butyrate are more preferred. The most 

30 preferred material is polyvinyl butyral. If 
desired, two or more of these materials can 
be used as a mixture. The ratio by weight 
of die binder to the organic silver salt of com- 
ponent (a) generally ranges from 10:1 to about 

35 1 : 10 and preferably 4: 1 to 1.4. 

The layers containing each component des- 
cribed herein and other layers in the present 
invention can be applied to many kinds of 
supports. Examples of supports which can be 

40 used in the present invention are synthetic 
resin films such as cellulose nitrate films, cel- 
lulose ester films, polyvinyl acetal films, poly- 
ethylene films, polyethylene terephthalate films 
or polycarbonate films, glass plates, paper and 

45 metal plates such as an aluminium plate. 
Partially acetylated materials can also be used. 
Further, baryta paper, synthetic tesin coated 
paper and water-resistant paper can be used 
as well It is further preferred from the view- 

50 point of handling ±at the support is flexible. 
Art paper, coated paper and clay processed 
paper are preferred as paper supports. Paper 
which has been sized with a pofysaccharide, 
etc, is also preferred. The organic silver 

55 salt and the silver halide are each used in the 
amount such that the sum total of silver 
amount of both coated on the support is about 
0.05 g to about 3 g, preferably about 0.1 g 
to about 2 g, per m^ of the support. If the 

60 amount coated is bebw about 0.2 g the 
image density is bw. If the amount 
coated is above about 3 g, the cost is 
increased while no additional advantages in 
photographic properties are achieved. 

65 Certain spectral sensitizing dyes which are 



known to be effective for gelatin-silver halide 
emulsions can be used for die heat developable 
light-sensitive materials of the present inven- 
tion m order to further increase the sensitivity. 
Effective spectral sensitizing dyes include 70 
cyanin^ merocyanine, complex (trinuclear or 
tetranuclear) cyanine, holopolar cyanine, 
styryl, hemicyanine, oxonol and hemioxonol 
dyes. Of the cyanine dyes, those containing 
a basic nucleus such as thiazoline, oxazolinei 75 
pyrroline, pyridine, oxazole, thiazole, selen- 
azol^ or imidazole ring are suitable. Further, 
such a nucleus can have an alkyl group, an 
alkylene group, a hydroxyalkyl group, a sulfo- 
alkyl group, a carboxyalkyl group, an amino- 80 
alkyl group or an enamine group as a sub- 
stitueat or can form a condensed carisocyclic 
group or heterocyclic group. The cyanine dyes 
can be either symmetric or asymmetric. 
Further, the dyes can have an alltyl group, 85 
a phenyl group, an enamine group or a hetero- 
cyclic substiment on the methine chain or the 
polymethine chain thereof. Particularly, 
cyamne dyes containing a carboxyl group are 
effective for sensitization. The merocyanine 90 
dyes can contain an acid nucleus such as a 
thiohydantoin nucleus, a rhodanine nucleus, 
an oxazolidindione nucleus, a thiazolidindione 
nucleus, a barbituric acid nucleus, a pyrazolone 
nucleus or a malonitrile nucleus in addition to 95 
the above-described basic nucleus. These add 
nuclei can be substituted with an alkyl group, 
an alkylene group, a phenyl group, a carbo^- 
alkyl group, a sulfoalltyl group, a hydroxyalkyl, 
group, an alkoxyalkyl group, an alltylamino 100 
group or a heterocyclic nudeus. Particularly, 
merocyanine dyes having an imino group or 
a carboxyl group are effective for sensitization. 
If desired, these dyes can be used as a com- 
bination of two or more thereof. Further, th^ 105 
can be used together with ascorbic acid deri- 
vatives, azaindenes, cadmium salts, organic 
sulfonic acids or supersensitizing additives 
which do not absorb visible light as described 
in, for example, U.S. Patents 2,933,390 and 110 
2,937,089. Effective sensitizing dyes for the 
heat-developable light-sensitive materials of 
the present invention indude merocyanine dyes 
containing a rhodanine nudeus, a thiohydan- 
toin nudeus or a 2 - thio - 2,4 - oxazolodin- 115 
dione nucleus as described in U.S. Patent 
3,761,279, for example, 3 - p - carboxy- 
phenyl - 5 - [j8 - ethyl - 2 - (3 - benzoxa- 
zolylidenyl)ethylidenyl] - rhodanine, 5 - {[3- 
j8 - caiboxyetiiyl - 2 - (3 - thiazolinylidenyl)- 120 
ethylidenyl] - 3 - ethyl}rhodanine, 3 - carb- 
oxymethyl - 5 - [(3 - methyl - thiazolinyl- 
idenyl) - a - ethylethyUdenyl] rhodanine, 1- 
carbo^ethyl - 5 - [(3 - etiiyl - 2 - (3H)- 
benzoxazolyUdenyl)ethylidenyl] - 3 - phenyl- 125 
2 - thiohyantoin, 5 - [(ethyl - 2 - benzoxa- 
zolylidenyl) ethylidenyl] - rhodanine, 5 - {[3- 
(3 - pyrrolm - 1 - yl)propyl] rhodanine and 
- ethyl - 5 - [(3 - etiiyl - 2 - (3H) - benzo- 
thiazolylidenyl)isopropylidenyl] - 2 - thio- 130 
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2,4 - oxazolidindione. Trinuclear merocyaninc 
dyes as described in U.S. Patent 3,719,495, 
polynuclear aromatic dyes as described in Bel- 
gian Patent 788,695, sensitizing dyes for silver 
5 iodide as described in West German Patent 
Application (OLS) 2,32S,S6S, styrylquinolfne 
dyes as described in West German Patent 
Application (OLS) 2,363,586, rhodacyanine 
dyes as described in West German Patent 

10 Application (OLS) 2,405,'713, acid dyes such 
as 2',7' - dichlorofluoroscein dyes as des- 
cribed in West German Applications (OLS) 
2,404,591, 2,401,982, and 2,422,337 ^d 
merocyanine dyes as described in British 

15 Patents Nos. 1,469,117 and 1,466,201 can also 
be used. 

Examples of effective merocyanine dyes 
which have pyrazolone nuclei are as follows: 



20 




CH3 CH3 




COOH 



The amount of these dyes general^ is from 
10"* to 1 mole' per mole of the light-sensitive 25 
silver halidc or the silver halide forming 
component 

The heat developable light-sensitive 
materials used in the present invention can 
have an antistatic layer or an electrically con- 30 
ductive layer. These layers can contain soluble 
salts such as halides or nitrates, ionic polymers 
as described in U.S. Patents 2,861,056 and 
3,206,312 and insoluble inorganic salts as des- 
cribed in U.S. Patent 3,428,451. Further, the 35 
heat-developable light-sensitive materials can 
have an evaporation-deposited metal layer. If 
desired, the heat-developable light-sensitive 
materials of the present invention can contain 
an antihalation material or an antihalation dye. 40 
Preferred examples of such dyes are those dyes 
which are decolored upon heat development. 
For example, the dyes described in U.S. 
Patents 3,768,019, 3,745,009 and 3,615,432 
arc preferred. Further, filter dyes or light 45 
absorbing materials as described in U.S. 
Patents 3,253,921, 2,527,583 and 2,956,879 
can be incorporated into the heat developable 
light-sensitive materials of this invention. 

If desired, the heat-developable light-sen- 50 
sitive materials of the present invention can 
contain a matting agent such as starch, titanium 
dioxide, zinc oxide, silica, polymer beads such 
as those described in U.S. Patents 2,922,101 
and 2,761,245, kaolin or day. Furthermore, 55 
they can contain an optical whitening agent 
such as the stilbenes, triazines, oxazoles or 
coumarins as described in, for example^ Ger- 
man Patents 972,067 and 1,150,274, French 
Patent 1,530,244 and U.S. Patents 2,933,390 60 
and 3,406,070. These optical whitening agents 
can be used as an aqueous solution or as a dis- 
persion. 

The heat - developable light - sensitive 
materials of the present invention can addi- 65 
tionally contain a plasticizer and a lubricant. 
For example, glycerin, dxols, polyhydric 
alcohols as described in U.S. Patent 2,960,404, 
aliphatic acids or esters as described 
in U.S. Patents 2,588,765 and 3,121,060 70 
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and siHcone reans descn])ed m, for 
example, British Patent 955,061 can be 
used as plasticizers and lubricants. Further- 
more, the light-sensitive materials can contain 
5 a surface active agent, for example, saponm 
and alkylaryl sulfonates described in, for 
example, U.S. Patent 2,600,831, ampholytic 
compounds described in, for example, 
Patent 3,133,816 and addition products of 
10 glycidol and alkyl phenols described m, for 
ILnple, British Patent 1,022,878. Harden- 
■able layers of the heat-developable hght-sen- 
sitive layers used in the present invention can 
be hardened by organic or inorgamc harden- 
1 5 ing agents. These hardening agents can be used 
individually or as a combination of two or 
more thereof. Preferred hardening agents are 
aldehydes, blocked aldehydes, ketones, carboxy- 
lic adds, carbonic add derivatives, sulfomc 
20 add esters, sulfonyl halides, vmyl sulfonyl 
esters, active halogen compounds, epoxy com- 
pounds, aziridines, active olefins, isocyanates, 
caibodiimides and polymeric hwdemng agents 
such as dialdehyde starch, etc Further, inany 
25 additives can be used for increasmg the den- 
sity of the resulting images. For example, non- 
aqueous polar organic solvents such as com- 
pounds having a 




30 group as described in U.S. Patent 3,667,959, 
for Sample, tetrahydrothiophene-l,l-dio3ad^ 
4 - hydroiwbutanoic acid lactone and methyl- 
sulfinyl methane are effective. Zinc, ai^ium 
and copper acetates as descnbed m U.S. Patent 
35 3,708304 are also effective. Furthermore, 
compounds containing water of ^f^l^^^Ji 
as /escribed in U.S. P^t^^^ 3><53^719, aa^ 
salts of amines and compounds which become 
alkaline on heating such as metal oxides or 
40 hydroxides are effective as tiae matenals lor 
accelerating development. It is possible to 
use polyalkylene glycols together mxh mer- 
captotetrazole in order to improve the sen- 
sitivity, contrast and image density as des- 
45 cribed in U.S. Patent 3,666,477. , 

Various methods can be utdized in order 
to further reduce thermal fogging in the heat 
developable light-sensitive matenals of the 
present invention. One metiiod comprises 
50 using mercury compounds, as descnbed m 
US Patent 3,589,903. Further, it is possible 
to form direa-positive images usmg marcury 
impounds as described in U.S. Patent 
3,589,901. Furthennore, tiie mercury com- 
55 pl>unds can be used togetiier witii color form- 
Sg couplers in order to fonn stabilized color 
images as descnbed in U.S. Patent 3,764,328. 
A second metiiod for preventing the genera- 
tion of heat fog is described m West German 
60 Patents (OLS) 2,326,865, 2,402,161, 
2,364,630, wherein N-halo compounds such 



as N - halosuccinimides or N - haloacetamides 
are used. Otiier metiiods for preventmg the 
generation of heat fog are described m U S. 
Patent 3,645,739, West Gennan Patent Appli- 65 
cation (OLS) 2,445,038, and Japanese Patent 
Appliciions' (OPI) 89,720/1973 and 
125016/1074, wherein higher aliphatic aads 
such as lauric add, myristic aad, palmitic 
add, stearic add or behenic add, tetrahalo- 
phdiaUc acid or the anhydride tiiereof, aryl sul- 
fonic adds such as benzene sulfomc acid or 
ft-toluene sulfonic add, aryl sulfinic aad or 
salts thereof such as benzene sulfimc aad or 
fi-toluene sulfinic add, and Htiaium salts of /:> 
higher aliphatic adds such as Hthium stearate, 
are used as add stabiKzing agent. Other effec- 
tive add stabilizmg agents indude sahcyhc 
add, p - hydroxybenzoic acid, tetrabromo- 
benzoic add, tetrachlorobenzoic acid, p- W 
acetamidobenzoic acid, alkyl subsutut^ 
benzoic acids such as p-f-butylbenzoic acid, 
ph±aHc add, isophtbalic acid, trimellmc aad, 
nyromelUtic add, diphenic aad, and 5,5- 
methylene-bis-salicycHc add. These acid 
stabilizing agents not only prevent tiie genera- 
tion of heat fog but also sometimes have the 
functions of preventmg discoloration when ex- 
posed to white light, increasing the image 
density or improving die shelf hfe (the pro- 90 
perty tiiat die photographic properties of the 
light-sensitive material possessed just pro- 
duction are maintained after storage). Other 
compounds which are effective for preventmg 
gen^ation of heat fog are benzotnazole and 95 
derivatives tiiereof, tiiiouradls, for e^p:^ 2- 
^ouradls represented by the formula (Vll): 




(m) 



wherein R" represents a hydrogen atom, a 
hydroxyl group, an alkoxy group, a halogen lUU 
atom, an unsubstituted or substituted lower 
alkyl group, a benzyl group, an aUyl group, 
an amino group, a nitro group or a mtroso 
group, and R" represents a hydrogen atom, 
r hydroxyl group, a halogen atom, ^ ammo lU!) 
group, an acetamido group, an unsubsututed 
or suT)stituted alkyl group having 1 to 22 car- 
bon atoms, an aryl group, such as a phenyl 
group, or a substituted aryl group, iaercapto 
Compounds such as 1 - phenyl - 5 - mercapto- 1 
tetrMole, azole tiiioetiiers or blocked ^ole- 
thiones, and peroxides or persulfates or disul- 
phides, e.g. of the formula 

O2N— CoH,— S— S— C,H,— NO2 

as described in British Patent No. 1,460,868. 
Also, effective prevention of tiie generation of 



13 



10 



SmSi or before fonnaoon of the sdver 

^%rder to prevent discoloration by Ugt 
of ti«>cessed Kght-saisitiye matenal (tie 
. . V *^ ^hirh the imexDOsed area ol 
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SUSnSTtowfl the messed area o *^SSLd Slayers' used in the present 
SrKdS^tive material aft^ proc^ " Sf^ffS be coat^ on a support t«mg 

and a hopper 

P^'J^^IJ^.S™ hl^-containing organic 
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can coated at the sme time usmg the 
Sethods described m U.S. Patent 2,761,791 

-'t^'MJvSSSS light - ^sidve 



oxidizkg agents as described m U.S. Patent 

^'Ktion, it is possible ^.use ligt- J^J^^' i,r,lZ."1.y^^' 

absorbLTdyes as described in Bntish Pateat m««en^ ^aracteSstic that the photographic 

r^Tlol for. particularly, transmission '^!j2!,^L.eof are easUy deteriorated by 

iSdtive r^^teiSaUinordertoimpro^^^ SKTSonT^en the prepared Ught- 

S5 power. FurAer, k is pof^^l^^ SSmaterials are packed forcotrmieK^ 
leucodTC compounds descn^edm, for eaampi^ ^ 

^^'^Sama? Patent. Apphcaaon^^) g^^'^/uealion (OLS) 2,422,040. is 

■7 Adf? 892 in order to miprove the sheu me. *^ the materials. 

?^ts 'a£^Sleto inieasethe whiten«« 8*^^ dSrelopable light-sendtive 

by bluS^e elements using blue dyjs «i^ J^f^e present invention can have 

Victork Blue so that the color aam of ^^t^een the support and the 

be reduced^ ^L^.f,;' ^'^"^ i^Sp^le Ught-sensitive Jaj- g^^P^ 

Patent AppUcation No. 22135/1974. ^ ^ „f binders which can be used for such a aiB 

it is possible in some cas« to J^'^^^J ^T^^de various polymers as des- 

stabStteproce^U^ht-seMitive i^^ Sed SeSbefore. For example, polyvmyl 

to K or W Effective methods indude mo^ j acrylamide, cdMose acetate 

AeMOMSsdescn^ed in U.S. Patent 3,617^8^ bu^^ P propionate, poly- 

SSiS comprises stabilizing the "natenals u^ J^^f^^^^acrylate, polystyrene, ,polyvmyl 

rStiwi Smtaining mercapto con^P-r Jf^^ pSdone, et^l ceUulose, polyvinyl chlond^ 

Afmethod described in West t^^^IfS Eat^ rubber, polyisobutytene, butad^e- 

SpUcation (OLS) 2,443,292.which^P^s ^ copolymers, W '^o^T^f'^^c 

priding a laminate contammg a stabihmg ^^^j^yl '^<T^-^^^l't^i 

^^ither, it is possible mprovid. if d.^_ ES^SS 

a top-coating polyme layer on Ae hghw^ Jgo^ acetate phdialat^^ gclatm, der^ 

sitivfuyer in order to « "tives and polysaccharides, can be ^ed It 

parency of the heat developable .bght-sensiwe to improve the photographic pro- 

Wet, to increase the image denaty and torn- iK^juch as U^t-discoloration or he^ fc^ 

tiK shelf lif^ as described m W^ ?fS)5Sating^phatic adds or meml sate 115 

berman Patent AppUcation (OLS) W23/t5Z. oy^ y ^^^^^ kyer. Furtheri 

A preferred thickness for die top coatmgpoly- ^^^^le to prevent permeation of solvents 

m5 byS ranges from abov^ J' Jy inSraoStinrpigmeno such as clay into the 

SSit 20 microns. Eaunp es of P<>ly«««^^: JbS layer. iS Edition, a maffing agent 

abk for the top-coat polymer layer mclude ^DOi^ y ^^^^^ 120 

55 So^yl chloridE poiyvmyl acetat^y^ cT added to the subbing l^^s. 

SSSrinyl chloride copolymers^ polj^^ v^T^^ non-electrolytic depoaoon layer 

JS^thyl mediacrylate. jf^S of ^ ""ductive mettl a» descnb^ m 

^th^eUulose, «Uulpse acetate bu^ate,a^^ Patent 3,748,137 «n be present It is 

hilose acetate, polyvfyl^dei^ cMond^ceUu u ^ '^°«^;ff ^ 

fiO lose propionate, cellulose acetate phma^at^ ^ tomevent curikg in ±e case of a paper 

^ ^"yc^bLte,^Mose^ta« pro^|^ SpJ^^tTTprovidinf a hydrophobic polymer 

!!^£^S"'r^V^^ ^'isSSeS^^-^-rpora- 
eS fcbS^«'p^4t1^Brrd ted^T^por^e-g-ofplastics^glassormeta, 130 
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difficulties, of course, arise which may prwent 
the function(8) of the component(s) from 
being fully exhibited. However, with a support, 
e.g., made from paper as a base materia^ 

5 even whea scHne components arc incorporated 
in the support (the paper base material), they 
show quite the same effect as in the case of 
incorporating them in a layer or layers coated 
on the support Whether the components are 

10 incorporated into the support or into the 
layer(s) coated on the support depends upon 
various conditions, e.g., the number of pro- 
duction steps desired necessaiy and advan- 
tageous conditions for production. Either cm- 

15 bodiment can easily be used, depending on the 
end-use contemplated. ~ 

If desired, a suitable pattern of mk or the 
like can be printed on the support either on 
the same side as is coated with a light-sen- 

20 sitive layer or layers or on the side which is 
not coated with a Ught-sensitive layer or layers. 
For example, such would be the case m usmg 
this invention for postcards or commutmg 

25 tiius-obtained tiiermally-developable 

light-sensitive material is cut to a size suitable 
for use, and then imagewise exposed. A pre- 
heating (at 80* C to 140** C), as mentioned 
above, can be employed before imagewise 

30 exposure. 

Suitable Hght sources for unagewise exposure 
include a tungsten lamp, a fluorescent copy 
lamp mainly used for exposure of diazo hght- 
sensitive materials, a mercury lamp, a xenon 

35 lamp, a cathode ray tube and a laser. 

Photographic images having a contmuous 
tone as weU as line images such as drawmgs 
can be used as origmals. Further, pictures of 
people and scenes can be directiy obtained 

40 u^g a camera. Contact printing, reflecnon 
printing, or enlarging printing can be used 

Depending on the sensitivity of the hght- 
sensitve material, in general from 10 lux . sec 
to 10* lux. sec may be reqmred for the 

45 imagewise exposure. 

lie imagewise exposed bght-saismve 
material can be developed by simply heatmg 
(to SO** C to 180*' C, preferably lOO;* C to 
150** C). A suitable duration of heating for 

50 development is from 1 second to 60 seconds; 
tiie duration depends on tiie temperature and is 
usually from 5 to 40 seconds at 120 C, l 
to 20 seconds at 130** C and 1 second to 
10 seconds at 140° C ^ r 

55 Many heating means can be utdized for 
thermaUy developing tiie hght-sensmve 
materials of tiie present invention, for example, 
the light-sensitive materials can be contacted 
witii a simple heated plate or platen or con- 
60 tacted witii a heated drum, or they can be 
passed tiirough a heated space. Further, they 
can be heated using high frequency or a laser 

beam. - . . 

The organic silver salt (a), and a reduang 
65 agent (c) when tiius heated undergo an omda- 



tion-rcduction reaction du to the catatytic 
action of tiie exposed silver haUde (b) presait 
in the vicinity, and finely-divided (black) 
metallic sUver is produced. Thus, tiie exposed 
areas of the light-sensitive material are 70 
blackened and a difference in contrast arises 
between the non-exposed areas (background) 
and exposed areas, to form visible images. 

A deodorizer can be included in thermal 
processing apparatus to remove any odour 75 
generated by heating. Also, certain kinds of 
perfumes can be present in the material so 
that any such odour is masked. 

Methods for specifically preparmg exemplar 
thermally-developable light-sensitive materials 80 
according to the present invention are des- 
cribed in detail in tiie Examples. Briefly, 
the organic silver salt (a) is prepared by 
reacting an organic-silver-salt-forming com- 
pound with a silver-ion-donating compound, 85 
such as silver nitrate, using various methods 
described already. The prepared is usually 
carried out at atmospheric pressure, and at a 
temperature of -15** C to +80** Q suitably 
20** C to 60** C, The thus-prepared organic 90 
silver salt (a) is rinsed with water or an 
alcohol and then dispersed in a binder to 
form an emulsion using a colloid mill, a mixer 
or a ball mill. The dispersing is usually car- 
ried out at room temperature (about 15** C to 95 
25* C). Into the thus-obtained polymer dis- 
persion of the silver salt (a), a silver-haHde- 
forming compound is added to convert a part 
of tiie organic silver salt (a) to silver hahde 
(b). A suitable reaction temperature is from lUU 
room temperature to 80** C. A suitable reaction 
time is from 1 minute to 48 hours. As was 
already described, a previously prepared silver 
halide can be employed, or the silver halide 
can be prepared at the same time as the organic lOi 
silver salt. Then the compound (d) and any 
other additives such as sensitizing dyes, re- 
ducing agents (c) and toning agents, are 
added successively, preferably as solutions. 
Usually, these additives are added successively 110 
into the dispersion with stirring at a tempera- 
ture of room temperature to 50** C, with a suit- 
able time interval (usually about 5 to 20 
minutes) tiierebetween. Thus a coating com- 
position is obtained after all of tiie additives 115 
are added. The thus-obtained coating composi- 
tion is coated on a suitable support at 5** C to 
50** C at a rate of 3 m/min, to 150 m/min,, 
and dried at 3** C to 100** C. Then, if desired, 
a top-coat polymer layer can be coated ma 12U 
simi&r manner. Further, an undercoat 
layer can be coated before the other 
coating solutions are coated, or a backing 
layer can be coated in a similar manner, or 
these two layers can be coated at the same time. 1 

The following Examples are given to illus- 
trate the invention. 

PREPARATION EXAMPLE 1. 
1.9 Grams of sodiujn hydroxide were dis- 
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solved in 100 ml of water, which was mixed 
with a solution of 12 g of lauric aad dissolved 
in 100 ml of tohiene to make an emulsion 

m aqueous solution of 8 J g of alvcr 
nitrate dissolved in 50 ml of water was addeil 
When the mixed solution was allowed to stand 
for 5 minutes, it separated into a toluene 
phase containing silver laurate and an aqueous 
phase. After die aqueous phase was ranoved, 
die toluene phase was dispersed m 200 ml of 
eriianol, and silver laurate was collected by 
centrifuging. There was thus obtained about 
12 g of spindle-shaped sUver laurate crystals 
with a diameter of about 3 microns. 

When benzene, pentane, cyclohexane, butyl 
acetate, isoamyl acetatse, butyl alcohol, tricresyl 
phosphate or dibutyl phthalate was used in 
place of toluene, sUver laurate was produced 
almost in die same manner. 

EXAMPLE 1. 
6 Grams of the sUver laurate produced in 
die Preparation Example 1 (about 1/50 mole) 
and 12 g of polyvinyl butyral (or 12 g of e^yl 
cellulose) were dispersed in 70 g of ediyl 
alcohol using a mixer to produce a polymer 
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(0.1 wt,% methanol solution ) 

(d) lauric acid (stAilizer) 

(3 wt.% ethanol solution) 30 mi 

(e) phthalazone (colour toning agent) 

(3 wt.% medianol solution) 40 ml 
Yf) reducing agent 

2,2 - bisf 3,5 - di -.methyl - 4 - hydroxy- 
phenyl) - propne 

(20 wl7o acetone solution) 25 ml 
The coating composition thus prepared was 
coated on art paper as a support (other papers 
such as loaded papers, a photographic base 
paper, and a base paper for pressure-sensitive 
papers) and on a polyethylene terephthalate 
(PET) film as a support at a silver coverage 
of 0 3 g per m^ in die case of the papers and 
at a silver coverage of 1.5 g per m^ in the case 
of ±e PET mm. In the case of ±e paper sup- 
port, a dispersion prepared by dispersing sihca 
mto a 10 wt.% ethanol solution of ediyl cel- 
lulose was coated on the light-sensitive layer 
to provide an overcoat polymer layer (contain- 
ing one part of siHca per 10 parts of ethyl 
ceUulose) of a fihn tiiickness of about 1.5 
microns, and in the case of the film support, 
a 15 wt.% tetrahydrofuran solution of a co- 
polymer of vinyl chloride and vmyl acetate 
^__:;„i.* ^ Q'x^^K\ wQs nvercoated on the 
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Keeping the polymer dispersion of the sflvw micr«»s. 



salt at 50** C*and stirring using a stirrer, 0.15 
g of N-bromosuccinimide (silver halide form- 
ing component) was added thereto. Hcatmg 
was then effected for 90 minutes. 

Odier N-halogeno compounds such as N- 
bromoacetamide or N-bromophtiialazinone can 
also be used in place of N-bromosucdnimide. 

Thereafter, the temperature was reduced to 
30** C and maintained at that temperature. 
While stirring, die following components were 
successively added at 5-minute intervals to 
form a coating composition. 

(a) Pd(acac)8 , . ^ - , 
(0.1 wt.% actone solution) 5 ml 

(b) sensitizing dye (a merocyanine dye of 
the following formula): 




50 



CH2COOH 



(0.025 wt% 2-medioxy cdianol 
solution) 10 pl 

(In place of the above dye, odier merocyanine 
dyes, other cyanine dyes, acid dyes, and the 
like can be used.) j * 

(c) sodium benzenesulph nate dihyorate 

(stabilizer) 



The thermally developable Hght-sensitive 
materials tiius prepared were denoted materials 
m and (1)'. (The symbol with die dash 
indicates the sample had a PET film support; 
this convention is used hereinafter). 

For comparison, thermally developable hght- 
sensitive materials (2) and (2)' were prepared 
in die same manner excepting that Pd(acac;2, 
the characteristic component of this mvention, 
was omitted. . . 

The themaUy developabk Ught-sensitiye 

materials thus prepared J^6«",^ 
exposed dinmgh an original with gradation to 
a ttngsten light source, the amount of «posure 
being 10* lux . sec, and then developed by heat- 
ing at 135" C for 3 seconds. 

There was no diflEerence m the fresh photo- 
graphic properties of die images formed among 
(1), (ly, (2) and (2)' (such a processmg is 
refwred to as " fresh " hereinafter). 

Thermally developable light - sensiQve 
materiab identical to those above were tHen 
kept at 50° C and 50% in the dark for one 
day and then imagewise exposed and^developed 
fa the same manner as m "fresh" process- 
ing to obtam a sup-wise image (such process- 
mg is referred to as " forced ageing hMcm- 
after^ (1) and (1)' showed less ttonal fog 
TS^iL with 2) and (2)'. The charac- 
teristic carves of (1) and (2) are shown in 
the accompanying drawing. ■ „j 

D-log E characteristic curves can be obtamed 
in which the relative exposure amount (log E) 
is plotted atong the abscissa and the photo- 
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eraDhic density (mcasuicd by the bbckened 
ffidon denrity'as a unit of opacal density) 
is plotted along the ordinate. 





Thermal Fog Density 


Fresh (1) 


0,05 


Fresh (2) 


0.05 


Forced Ageing (1) 


0.06 


Forced Ageing (2) 


0.38 



c When the same procedures as above were 
^ rcS ulg a silver salt of mynstic acid, 
Stic add; stearic add or behemc aad m 

EXAMPLE 2. 
The same method as in Btample 1 was 
ic repeal but component (a) « used ui 
1 was added in an amount 1/10 ot 
in SS-le 1. and then heating?^/ 

thp temoerature was reduced to iu 
20 SLS^atthatpom^W^^^ 

"^^^^ m^Tw wifsubiected to.forced 
agS p^g. ^ thermal f og deW 
0X)5, showing no difference f""? *ermally 
30 dev«dopable Ught-sensiave material (1) of 

devetopable Ught-sensitive 
prepared in the same mamia as h^t- 

ladium-containing compound can be reduced 
40 by varying the addition method. 

C0A4PARATIVE EXAMPLE 1. 
The proo«iure of Example 1 was repeated 

component (a) in Example 1. 



1 'in2.670 

When the tbermally-developabl liS**-*^" 
si^Sialthusp«paKdwassjA,«:tedto 

faesh processing, thermal f og wm high. 5U 

In L case of adding 1 X 1^ »f 
K»Pda, or K^PdBr^ per mrfe of sJm salt, 
Sal fog was not increa^d by fmh pro- 
but thermaUy devdopable Ught-^ 
Siateriab subjected to forced ageuig pro- 55 

Srshowed increased thenwl fog 
^ted a thermal fog density of 0.40. That is, 
Shm lie amount of the paUadium-conttinmg 
clpomid is reduced to the numericd a^^^ 
xo prerent an increase in thermal fog m fresh w 
?rSk the effect of preventing themd fog 
^th the passage of tune is los^/s^^ 
K PdCl and KaPdBr, are excluded from the 
plSi^^nSiing compounds of 
Son. since the ionic diarge of the U^ds (Ae M 

hdoaen atoms) does not balance ffu: charge 
Sf STpXdiuin-rfie PdBr, or PdQ, moiety 
has a double negative charge. 



EXAMPLE 3. , u 1 7n 

An aqueous solution of OA g of fetyl^yl^ 70 
jJmithXammonium bromide dissolved in 100 
S;*^iSrrimxed -th 1^ ml of toluene 

to form an emulaon. A solution of O.W? g oi 
Sva^Ste dissolved in 10 ml of water was 

Si tiiereto to produce sUver bromide. The 75 
SJ^Sde Js present in the emulsified 
S S was theS. added th«eto an 5mu^ 
X, nrenared bv mixing a soluUon of 12 g oi 

SBntto^biM- - 

disS in 50 ml of water was added to pro- 
32? ^er laurate. Thus, a mixture m whidi 

ntaate and silver laurate ware m m- 85 
Se cStact with each other wi« obGun«L 
^ the above mamier, other oils wtadi are 
re£vdy immisdble with water can be used 
faoka of tohiene. and silver bromide cm be 
Softs wiiSbromoiodide. silver diloro- 90 

ffll Sher silver haUde formmS com- 
can be used in place of cetykftyldi- 
SS^oiU bromiSe. ii pkce of sil^ 
SS^^Xer silver sahs of aliphatic aads8u(iL 

myristate or sUver palmitate can be 95 

Se? mdTSier. other orgaiic sUver sdts^ 
Sy used, as will be obvious to those slol- 

^The'^iSL thus formed was coU«:ted by 
centSuS&and dispersed in 200 g of a solu- 100 

binder) in ethanol (other akohols such as 
mSoL »-piopyl alcohol or isopropyl alcohol 
by ifans of a mixer to prepare a 

polymer dis^6n of the sdver salt • 105 
The Dohmer dispersion of the silver salts 
kem at 30» cTand the foUowing com- 
ZeiSufceSvdradded thereto at 5-mmute 
nervals to yidd a c atmg composition . ^ 

^"^ acetone solution) 10 ml 
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(b^ sodium benzenesulfonate dihydratt 
(0.1 wt% medianol solution) 20 ml 

(c) lauric add , , . . tni 
(3 wt% ethanol solution) 70 ml 

ay 




■Cfl-CH 




S 
I 

C2H5 



(0.025% methanol solution) 10 ml 
(Other merocyanine dyes, cyanine dy^, rhoda- 
dyanine dyes, styryl series dyes, aad dyes, and 
10 the like can also be used.) ^ 

(e) phthalazone (color tonmg agent) 

(3 wt% methanol solution) 120 ml 
(Vi reducing agent 

^ Wds . [nSthylene - (3^ - di - temary- 
15 butyl - 4 - hydroxyhydro - cmna- 

mate)] - methane 

(20 wt% acettxie solution) IW O" 
(d) Victoria Blue B (blueing a^t) 
(0.05 wt% mrthanol solutian) 2 nu 
20 (Other blue dyes can also be used) 

When hirii senatrnty is not especially re- 
quired, the sensitizing dye can be onutt^ 
from die above cranponents. Moreover, virhen 
an image of a yellowish brown tone is peimis- 
25 sible, phthalazone (=phth{ilazmone) can be 

""m^coating composition thus prepared was 
coated on a support base paper 
carbonless pressure-soisitive recoring paper) 
30 at a silver coverage of 0.5 g per m . 

An acetone solution of 10 wt/. oeuuiosc 
diacetate containing 1.5wt% of kaolm was 
coated on the light-sensitive layer so as to pro- 
vide a fihn thickness of IJS microns, thus fonn- 
35 init an overcoat polymer layer. 

When silica was used in die same amount m 
place of kaolin or art paper was used as die 
kippor^ equivalent results were obtamed. 
m itoennally developable Jteht-sensmve 
40 material dius prepared was "J W- 

For comparison, a diermally bght-sensitive 
material (5) was prepared which was the same 
as (4) except tiiat component (a) of dns in- 
ventim, die palladhun-containing compound, 
4*1 gc omitted. . . e 

On comparing die dwrmal fog densities of 
dieimaUy developable light-sensitive matm^ 
(4) and (5) after fresh processmg and forced 
kg^mg procbssing as in Example 1, there was 
50 Utde d&erence for fresh procesang, but for 
forced ageing processing, die ,*enna^ d^ 
vdopable light-sensiave material (4) providea 
less dieimal fog than that of (5). 

WHAT WE CLAIM IS:— 
55 1. A tiiermally developable light-sensitive 



material comprising a support havmg diereon 
or therein in at least one layer 

(a) an organic silver salt, 

?b) a light-senative silver halide ot a com- 
pound capable of reacting widi said otgamc 60 
Sver sah (a) to f rm a light-sensitive alver 
halide. die component (b) bang preset in an 
amoiSt sufficient to provide sdver hahde in m 
amount which, after exposure toilet, catalyses 

die reaction of components (»),««»<* 

(c) 8 reducing agent capable of rcducmg 
said silver salt to sUver when heated m die 
mesence of die silver haKde, in or formed from 

S^nent (b), which has been W^ed «o 
Ueht. die material also contammg m die sup- 70 
pSrt or in at least one layer on die suppo^ 

(d) a neutral complex of palladium wxdi at 
least one Ugand bonded via a mttogen, oxygm, 
sulphur, phosporus, arsenic or l«lo^ afiom, 

die Ionic charge of die ligand(8) 75 
bS die internal charge of die paBf^ium. 

2 A diermally developable material m 
claiined in Claim 1, wherein said campl« of 
palladium is present m. im amount of VT' 
» Iff-^ mole per mole of die organic silver 80 

**^3 A tiiermally developable material as 
daiined in Claim 1 ot 2, wherein said compto 
of palladium is soluble in an orgamc solvent. 

rAthermaUy developable material as 85 
claimed hi any preceding daim, wheran Mid 
of palladium is of die general formula. 



Pd 



2+ 



0— C — R 
I 

CH 

0— i — R 



wherein and R« respectively have die mean- 

ings: 

bodi are phenyl, 
. both ate medijrt, ' 

Ri is phenyl and R» is mediyl, or 

R> is trifluotomediyl and R« is mediyl. 

5 A tiiermaUy developable material as 95 
daiined in any of Claims f to 3, whcrem said 
of p^idium is of die general formula: 

Ls— Pd— X, 
wherein L and X respectively have die mean- 
ings: 

L is C.H,CH,SCH,C,H. and X is chlorine; 

L is C.H.-CN and X is chlorine; 

LisCH,=CHCNandXi8.chlorme; 

L is rC*HO*-P— and X is chlorine; 105 

L t rcS and X is bromine; ^ 

LlsTS(A^(CH.).)-benzene and X 

is iodine, or . . 
L is bipyridyl and X is chlonne. 
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6. A thennally developable material as 
claimed in any of Claims 1 to 3, wherdn said 
complex of palladium is of the general fomula: 



HON«=C — CH3 

HON«-C CH3 2 

5 7. A thermally developable material as 
claimed in any of Claims 1 to 3, wherein said 
complex of palladium is a compltz of palla- 
dium with acetylacetone. 
8. A thermally-developable light-sensitive 

10 material as claimed in any preceding claim, 
wherein said organic silver salt (a) is a silver 
salt of an organic compound containing an 
imino group^ a mercapto group, a thione group 
of a c^oxyl group. 

15 9. A thermally-developable light-sensitive 
material as claimed in any preceding claim, 
wherein said organic silver salt (a) is a silver 
carboxylate. 

10. A thennally-developable light-sensitive 
20 material as claim^ in Claim 9, wherem said 

oi^anic silver salt (a) is a silver salt of an 
aliphatic long-chain fatty acid. 

11. A thennally-developable light-sensitive 
material as claimed in any of Claims 1 to 7, 

25 wherein the organic silver salt is any of those 
named herein in List B. 

12. A thennally-developable light-sensitive 
material as claimed in any preceding ckun, 
wherein said reducing agent (c) is a substitu- 

30 ted phenol, an unsubstimted or subsdmted bis- 
phenol, an unsubstituted or substituted bisnaph- 
thol, a di- or polyhydroxybenzene, a di- or 
polyh3?droxynaphthalene, a hydroquinone 
monoether, ascorbic acid or a derivative there- 

35, of, a 3 - pyrazolidone, a pyrazolin-5-one, a 
reducing sacdiaride, a p^phenylenediamine or 
a derivarive thereof, a reductone, kojic acid, 
hinokitiol, a hydroxylamine, a hydroxytetronic 
add, a hydroaytetronamide;, a hydroxyoxamic 

40 acid, a sulphohydroxamic acid, a hydrazine, an 
indan-l,3-dione, a p-hydroxyphenylglycine, an 
esc^ of a carboxylic acid derived from a phenol 
having a bulky substimcnt in at least one ortho- 
position with a monohydric or polyhydric 

45 alcohol or phenol, or an ester of an alcohol 
derived from a phenol having a bulky sub- 
stituent in at least one ortho-position or a 
phenol having a bul^ substituent in at least 
one ortho position with a mono- or polycarb- 

50 oxylic acid. 

13. A thennally-developable light-sensitive 
material as claimed in any preceding claim, 
wherein die amount of the reducing agent (c) 
is from 0.05 to 5 moles per mole of the 

55 organic silver salt (a). 



14. A theimally-developable light-sensitive 
material as claimed in Gaun 13, wherein the 
amount of the reducing agent (c) is from 0.1 
to 2 moles per mole of the organic silver salt 
(a). 60 

15. A thennally-developable light-sensitive 
material as claimed in any preceding claim, 
containing from 0.2 g to 3 g of silver per 
square metre in components (a) and (b). 

16. A thermally-devebpable light-sensitive 65 
material as claimed in Claim 15, containing 
from 0.3 g to 2 g of silver per square metre 

in c(Hnponents (a) and (b). 

17. A thenually-devdopable light-sensitive 
material as claimed in any preceding Claim, 70 
which further contains one or more of a toning 
agent, a matting agent, an antihalation dye, a 
fluorescent brightening agent and a spectral 
sensitizing dye. 

18. A thennally-developable h'ght-sensitive 75 
material as claimed in any preceding Claim, 
which further contains a binder. 

19. A thennally-developable light-sensitive 
material as claimed in Claim 18, wherein the 

- weight of the binder is from 1/10 to 10 times 80 
that of the organic silver salt (a). 

20. A thermally-developable hght-sensitive 
material as claimed in Claim 19, wherein the 
weight of the binder is from a quarter to quad- 
ruple that of the organic silver salt (a). 85 

21. A thermally-developable light-sensitive 
material as claimed in Claim 1, and substan- 
tially as hereinbefore described with reference 
to any one of thermally developable materials 
(1), (1)', (2), (3) or (4) in the foregoing 90 
Examples. 

22. A method of developing a light-sensitive 
material as claimed in . any preceding Qaim, 
which material, has been imagewise exposed, 
comprising heating the material until a visible 95 
image is obtained. . 

23. A method as claimed in Qaim 22, 
wherein the heating step is at a temperature of 
from 80° CO 180** C. 

.24. A method as claimed in Qaim 23, 100 
wherein the heating step is at a temperature of 
from 100** to 150' C 

25. A method as claimed in Qaim 22, 23 or 
24, wherein the duration of the heating is from 

1 to 60 seconds. 105 

26. A material bearing a visible image de- 
veloped by a method as claimed in any of 
Claims 22 to 25. 

GEE & CO., 
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